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The Type of Lactic Acid Produced by 
Starters and by the Organisms Isolated 
trom Them 
By B. W. HAMMER 
From work that has recently been done it is evident that 
starters are not pure cultures of S. ~actictt.s as has commonly 
been supposed.* Hammer and Bailey (2) showed that pure 
cultures of this organism do not produce a volatile acidity at 
dl comparable with that produced by a satisfactory starter, and 
that starters generally contain an associated organism which, 
when grown in combination with S. ~actic1('s, yields a volatile 
3cidity essentially the same .as that produced by a good starter. 
Storch (5) found that organisms which he calls x bacteria are 
present in starters and that these playa part in the production 
of a good product. Boekhout and Ott de Vries (1) reported 
the isolation from starters of organisms that, in combination 
with lactic acid bacteria, produce the characteristic aroma. 
The proof that starters .are not pure cultures of S. ~actic1('s 
can be arrived at in an entirely different way by determining 
the type of lactic acid produced in a starter and comparing it 
with the type produced in milk by pure cultures of S. ~actic1(,S. 
Data on this method of proof and also on the type of lactic 
acid produced when the associated organisms** are combined 
with S. lactic1lS are presented in this bulletin. 
METHODS 
The zinc lactates for the determination of the isomeric modi-
fication of lactic acid produced were prepared as follows: 
The fermented milk was heated in a water bath to facilitate 
the separation of the whey and then thrown on a filter paper. 
In a few instances where there was comparatively little acid in 
the milk, Ni l H 2S04 (25 cc. to 750 cc. of milk) was added before 
the heating to facilitate the separation of the whey and to 
liberate the lactic acid. 'fhe whey, to which Ni l H 2S04 was added 
at the rate of about 5 cc. per 100 cc. of whey, if none had been 
added to the milk, was evaporated to a comparatively small vol-
ume and plaster of Paris added, usually at the rate of 15 grams 
to 100 cc. of the original whey, and well stirred in to take up 
the remaining water. By breaking up the mass soon after setting 
• For one of the more recent and very definite statements see Guthrie, 
E. S. The Book of Butter. 1918. p. 111. 
•• The associated organisms found in starters have been divided into 
Types A and B. Type A has been named Strep. citrovorus and Type B, 
Strep. paracitrovorus. (Res. Bull. 63, la. Agr. Exp. Sta.) 
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had begun, a hard lump was prevented from forming and the 
material kept in a condition suitable for the subsequent handling. 
The lactic acid was extracted by putting the whey and plaster 
Paris combination into a thimble and extracting with ether 
for approximately 25 hours in an apparatus in which the sol-
vent dripped on the material in the thimble. After transferring 
the ether and the dissolved material to a beaker, the ether was 
a.llowed to evaporate, water added, and then ZnCOa in excess. 
The material was boiled with animal charcoal to decolorize, 
filtered, and the insolubl e portion washed well with hot water. 
The filtrate was evaporated down and allowed to crystallize; 
after the first crop of crystals had been removed, the filtrate 
was again evaporated and another crop obtained. Every effort 
was made to crystallize the zinc lactate as completely .as possible, 
because the difference in solubility of the zinc salts of the 
active and inactive acids would result in an unrepresentative 
preparation if only a part of these were secured from a mixture. 
At best there is likely to be some error due to disproportionate 
amounts being lost when mixtures are being crystallized, but 
this cannot be very serious if care is taken to carry the crystal-
lizations to as near completion as possible. The zinc lactates 
secured were recrystallized at least once and sometimes twice, 
dried and finely ground, after which they were allowed to 
dry in air to constant weight. 
In determining the type of lactic acid, the percent water of 
crystallization was largely relied on. This was secured by dry-
ing the prepared salts to practically constant weight at 110°C. 
Some of the preparations were then run in a polariscope but, 
since in most instances the presence of inactive lactic acid was 
the principal point to be determined, the rotation was tested 
with only a part of the preparations. 
In determining the percent acid in milk, a 5 or 10 gram 
sample was titrated with N/ 10 NaOH, using phenolphthalein as 
an indicator, and the r esults calculated as the percent lactic 
acid. 
In .a few instances volatile acid determinations were made 
according to the method followed by Hammer and Bailey (2 ). 
RESULTS OBTAINED 
TYPE OF LACTIC ACID PRODUCED BY S. LACTICUS 
The work of a number of investigators has shown that S. 
lactic1lS produces cZ lactic acid. Heinemann (3), who also gives 
a review of the literature, studied 11 cultures and found cZ acid 
at both 37°C. and room temperature. Suzuki, Hastings and 
Hart (6) found that B. Zactis acidi (S. Zactic1~S) produced ac-
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tive acid in a lactose solution. Orla-J ensen (4), in a recent report 
(on the lactic acid bacteria, states that his genus Streptococcus, to 
which S. lactic us (Orla-J ensen '8 S. lactis ) belongs, forms, 
from all carbohydrates, pure d lactic acid. In the work herein 
reported, as well as in unreported trials that were previously 
carried out, S. lacticus was consistently found to produce d 
flcid. It seems accordingly to be well established that S. Zacticus 
produces d lactic acid only, at least under the usual conditions 
of growth. 
TYPE OF LACTIC ACID PRODUCED IN STARTERS 
In order to determine the type of lactic acid produced in 
starters carried under practical conditions, a number of start-
ers that had been carried in a creamery were examined by the 
method previously outlined. The results obtained .are presented 
in table 1. 
From the values given in table I for the percent of water 
of crystallization in the zinc lactates, it is evident that the 
starters did not yield pure d lactic acid, but a mixture of active 
and inactive acid, since the values were over the 12.89 percent 
theoretical for active acid, but did not reach the 18.18 percent 
theoretical for inactive acid; they exceeded 14 percent in all 
cases but one and in this the value was almost 14 percent. Be-
cause of the abundance of S. lacticus in starters, it would be 
expected that the active acid would be of the d type, and this 
was confirmed in those cases in which the rotations were run, 
since the zinc salt. gave an l value. The results presented, which 
are extensively confirmed in later tables, indicate that starters 
::t~ carried under factory conditions do not represent practically 
pure cultures of S. lacticus, as has been frequently stated, be-
cause if they did, pure d lactic acid should be secured from 
them. 
TABLE I - TYPE OF LACTIC ACID PRODUCED IN STARTERS 
CARRIED UNDER PRACTICAL CONDITIONS 
.. .-
... 
'" 
.., 
'" 
;... £; Results on (CH2CHOHCOO),Zn 
.Q 
'" " Original Inocula ting E ..... " .- '" Material from "o ol ~.5 e Percent H 20 I Specific Z ~ ~ ~ A I B I Average Rotation 
Manufacturer A I I .92 I 1~. 95 I 14.01 13.98 I Manufacturer A 15 .14 15 .07 15.105 
Manufacturer A I . 92 14.50 14 .44 14.47 
Manufacturer A I .96 14.33 14.17 14 .25 Manufacturer A .87 14.33 14.51 14.42 
Manufacturer G I 7 .93 14.11 14.08 14.095 ! 5.93 
Manufacturer H I 8 .95 13.98 14.07 14.025 ! 6 .77 
Manufacturer F I 9 .96 14.10 14.20 14.15 ! 5.82 
Natura Starter I 11 I 1.63 I 15.2() 15.08 15.14 ! 5.85 
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The results presented in table I were secured on starters that 
had developed a considerable amount of acid, altho in all 
cases they had been ripened only over night, this being the 
usual practice in the factory from which they were obtained. 
In order to see what type of lactic acid was present in starters 
at low acidities, the results given in table II were secured. The 
material that was studied was obtained by inoculating two 
flasks containing the same amount of milk from the same lot 
with equal amounts of starter and holding at room temperature; 
the flasks were then studied at very different acidities. 
The data given in table iI show that at the low acidities 
the starters sometimes contained practically only active acid 
and sometimes certain amounts of inactive along with the active 
acid. At the high acidities there was always some inactive 
acid, the water of crystallization of the zinc lactates being over 
14 percent in all cases; these results are in agreement with those 
reported in table I. In those starters in which there was little 
or no inactive acid at the low acidity, this type of acid was 
always evident at the high acidity, but where there was inactive 
acid at the low acidity the percent did not change greatly as 
the amount of total acid increased; in two cases there was actual-
ly a decrease in the percent of inactive acid. In one instance 
au acid was secured which the water of crystallization of the 
zinc salt showed to be almost entirely an inactive acid. '£he 
culture used for inoculating in this case came from a manufac-
turer whose product usually g'ave an acid of this character, 
as will be shown in some of the later tables; the culture differed 
from most cultures in that it contained an associated organism 
of the B type. 
TYPE OF LACTIC ACID PRODUCED BY MIXTURES OF S. 
LACTICUS AND ASSOCIATED ORGANISMS 
Since starters do not yield a pure d lactic acid, as would 
be the case if they were essentially pure cultures of S. la.ctict(,S, 
it would be expected that the type of lactic acid produced would 
be influenced by the associated organisms, inasmuch as these 
have been shown to be of importance in starters. Data showing 
the type of lactic acid produced by mixtures of S. lactict(,S and 
associated organisms inoculated at the same time, and by S. 
lactict(,S alone, are presented in table III. The data should be 
divided at the double line, since the figures above this line 
were obtained with the A type of associated organism and those 
below with the B type. The cultures of S. lacticus alone yielded 
what should be considered pure active acid, when judged by the 
water of crystallization of the zinc salts. The values are gener-
~ lly sl_ightly higher than the theoretical, due in all probability 
TABLE II-TYPE OF LACTIC ACID PRODUCED IN STARTERS AT DIF:E'ERENT ACIDITIES 
Room Temperature Incubation 
Low Acidities High Acidities 
I 
>: Results on (CH3CHOHCOO),Zn >: Results on Cond ition of milk ._...., .- ...., >:rn ;., >: >:rn ;"0: (CILCHOHCOO)2Zn Inoculated ..... ;.>. 
...., '" 
.- ;., 
...., '" 
"'til . - Q Percent til .- Q ~A '0," gt,A '0," Percent H 2O .- '" Rotation .- '" 
-
I <"" A I B 
H 20 I Specific 
I Average < <"" A I B I Average 
Pasteurized ······ ···· ·1 Under 1 1 .64 
I 
14.03 14.00 I 14.015 I 3 I .97 14.31 1 14.58 I 14.445 Sterile ................. Under 1 .68 15.05 15.17 15.11 I 3 1.11 14.80 14.79 I 14.795 Sterile ................. ) Under 1 \ .52 17. 21 17.26 17.235 I 2 .86 17.11 I 17.14 17.125 Sterile ............... . . Under 1 .69 13.39 13. 54 13 .465 I 2 1.03 14.36 14.39 I 14 .375 Sterile ........ .... ..... U n der 1 .63 12 .99 12.99 Il 8.34 3 1.03 14.52 14.67 14.595 Steri le ................. Under 1 I .59 13.18 13.18 13.18 I 4 1.05 13.98 I 14.10 14.04 
TABLE III-TYPE OF LACTIC ACID PRODUCED IN MILK BY S. LACTICDS ALONE AND BY S. LACTICDS AND 
ASSOCIATED ORGANISMS INOCULA'rED TOGETHER I-' 
• III , 
cn~;:! 'O 
0:;; g~ 
Z UO: cl ~H_ 
1 
2 
3 
4 
6 
8 
10 
10 
-~ 
7** 
9 
I 
I 
I 
I 
I 
Days 
Held 
8 
8 
8 
7 
7 
5 
5 
4 
I 
7 
7 
S. lacticus a lone 
Results on (CH3CHOHCOO)2Zn 
I I 
A 
12.98 
12.93 
12. 88 
13.23 
13.11 
13.29 
12.97 
13.23 
... ~-13.11 
12.94 
13 .04 
Percent H 2O 
I 
I 
B 
13.07 
12.90 
12.91 
13.20 
13.11 
13.25 
13.0·5 
13.26 
_ ... --13.11 
13.07 
13.01 
I 
I 
II 
I 
1 
f 
Average 
13.025 
12.915 
12 .895 
13.215 
13.11 
13.27 
13.01 
13.245 
.......... 13.11 
13 .005 
13.025 
I 
I 
• Values for S. lacticus 6 a lone r epeated from above . 
•• Slow curdling culture of S. lacticus. 
Assoc. 
Org. 
No. 
1 
2 
3 
4 
6 
2 
1 
7 
14 
. "" 107 
108 
108 
S. lactlcus and associated orga nisms inoculated together 
I 
I 
I 
I 
I 
I 
I 
I 
Tnoc-
ulated 
Type 
A 
A 
A 
A 
A 
A 
A 
A 
A 
.. --. B 
B 
B 
I 
I 
I 
Days 
Held 
8 
8 
8 
7 
7 
5 
5 
4 
7 
-7 
7 
7 
I 
Results on (CILCHOHCOO)2Zn 
A 
15.62 
18.16 
16 . 60 
17.99 
13.77 
13.85 
13 .78 
14.16 
16.07 
.. ~ ... 16.41 
18.15 
16 .96 
Percent H 20 I Specific 
Rotation 
I B I Average 
15.83 
17.96 
16.36 
18.07 
13 . 66 
14.00 
13.73 
14.27 
16.03 
.. - ~-16.31 
18.03 
17.05 
I 
I 
I 
15.725 
18.06 
16.48 
18 .03 
13. 715 
13.925 
13.755 
14.215 
16 .05 
.. - ~~ 16.36 
18.09 
17.005 
I 
I 
I 4.47 
II 5 .0S 
I-' 
~ 
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to hygroscopic moisture. Altho rotations were not run on the 
zinc salts, it can safely be assumed from the work of others 
and from unreported data obtained in this laboratory, that 
these pure active acids were of the d type. The values secured 
for the water of crystallization of the zinc salts obtained with 
the mixtures of organisms, show that in all instances there was 
some inactive acid present, while in a few cases almost a pure 
inactive acid was produced. rrhe two salts on which rotations 
were run gave an l value, showing that the active acid was 
of the d type. The percent of inactive acid secured with Type 
A in association with S. lactic us was extremely variable while 
with Type B it was quite high in each of the three trials. 
The data presented in table III show that the presence of the 
associated organisms influences decidedly the type of lactic acid 
produced. 
The variations in the percent of inactive acid secured in the 
different trials reported in table III, especially with the associ-
ated organisms of the A type, would probably be ascribed to the 
variations in the numbers of the associated organisms and their 
opportunity for growth. rrhese organisms cannot grow if the 
milk is too acid and in all probability in mixtures with S. lacti-
c~(,S the activity of the associated organisms is stopped when the 
acidity reaches a certain point. In order to determine the ef-
fect of large numbers of associated organisms, comparisons were 
made of the type of lactic acid produced in mixtures of these 
forms and S. lacticlls inoculated at the same time, with the type 
developed in mixtures made by inoculating the associated or-
ganism some time before S. lactici~S, so that the former would 
be present in unusually large numbers. The results obtained 
are presented in table IV. 'l'he data should again be divided at 
the double line, those above representing the A type of associated 
organism and those below the B type. The results secured when 
the two organisms were inoculated at the same time are es-
sentially the same as those reported in table III. When the 
associated organism was present in large numbers, as a result 
of being inoculated from one to three days before S. lacticus, 
the lactic acid present in all but one of the seven trials was 
essentially pure inactive acid, as is shown by the water of 
crystallization of the zinc lactates. rrhe values for five of these 
six salts are slightly higher than the theoretical for the zinc 
lactate of inactive acid, and this again is presumably due to 
hygroscopic moisture. The data given in table IV show that 
the numbers of the associated organisms influence materially the 
amount of inactive acid formed; that is, with .an increased ac-
tivity of the associated organisms there is a greater amount of 
inactive acid produced. 
TABLE IV-TYPE OP LACTIC ACID PRODUCED IN MILK BY S . LACTICDS AND THE ASSOCIATED ORGAN-
ISMS INOCULATED A'l' THE SAME TIME COMPARED WITH THE ACID PRODUCED BY THE TWO 
WHEN THE ASSOCIATED ORGANISMS WERE INOCULATED BEFORE S. LACTICDS 
Room Temperature Incubation 
Organisms Used 
Orga nisms inoculated 
at the same time Associated organisms inoculated before S. lacticus 
Results on <3 b Results on (CH3CHOHCOO),Zn (CH3CHOHCOO)2Zn 0 I/) I/) Assoc. Org. ~rn~ :s -0 <) -0 :l 
S.l act- Days ..: 0;I~ .~ ~.= ~ Percent H 2O ~- Q) 't) Specific 
I 
ic us No. Held Percent H 20 \ Specific ~·g5 ~ rns...M<J 
No. Type '(otation CI3 ~o""" 2~E~ Rotatio[ 
A I B_1 Average 06.5$ 00 0 .... 0;1 • A I B I Average o;I~ cn 
13 A 9 4 13.93 13. 83 13 . 88 /i 6 .851 2 4 18 .25 18.31 18.28 I 0 16 A 9 4 13.36 13.30 13.33 5.67 2 4 18.34 18 .39 18 .365 0 
13 A 9 5 14.06 14.12 14.09 Il 6. 401 1 5 18.28 18.29 18.285 0 
14 A 9 I 3 4 17 .23 17 .25 17 . 24 
106 B 9 5 15.13 15.30 15 .215 II 5 .29( 1 5 18 . 28 18.36 18 .32 
111 B 9 I 1 5 18.22 18 .31 18 .265 113 B 9 1 5 18.18 18.16 18 .17 I 0 
I-' 
I>:l 
I-' 
122 
The associated organisms of the A type have been found 
capable of producing volatile acid from lactic acid, either added 
to milk in a sterile condition or produced in milk by S. lactic1lS 
whose activity "vas stopped by heating so that excessive amounts 
of acid would not be present. In order to see what type of lactic 
acid resulted when S. lacticu.s was' allowed to develop a small 
amount of acid in milk, and then killed with heat before the as-
sociated organisms were added, the data presented in table V 
were secured. 
The figures represent three different series and include volatile 
acid determinations made at the end of the incubation period. 
In series 1 the addition of an associated organism changed the 
active acid produced by S. lactic1ls to an almost pure inactive 
type and at the same time produced considerable volatile acid. 
The production of inactive acid in series 2 was only slight and 
t.his was probably due to the presence of acid, after the growth 
of S. lacticl/'s, in sufficient amount to inhibit the development of 
the associated organism. This idea is substantiated by the 
comparatively low volatile acid production in this series. In 
series 3 the active acid produced by S. lacticu.s was practically 
all changed over to the inactive type by the four different or-
ganisms tried, and with the three of these for which figures are 
given, volatile acid was produced in considerable amounts. 
In table V the v'alues representing the water of crystallization 
of both the pure d and the pure inactive acids are generally high-
er than the theoretical and this is again in all probability due 
TABLE V-TYPE OF LACTIC ACID PRODUCED WHEN S. LACTICUS 
WAS GROWN IN MILK A;ND KILLED AND THEN THE 
ASSOCIATED ORGANISMS ADDED 
Room Temperature Incubation 
'" . 
... 0Il Results on 0'" 0 .. _ 0 
... 
(CH,CHOHCOO),Zn b ::s '" 0 0.0;::::::: 
." 2 ;C ~~;i 0Il·-
-" Percent H 2O ... '" '0 
" 0 0'" olO 0 ~ Z !!! ~.s "OIl 't:I~ 
I I 
~ 
z - oj ~ Q) U;~ b.O cS'- ~ "' - "8 ~ Oro~ '<::::1 00 0 ... OIl" 00 "'oj 
"I :5z '" "::I 00 .- 0000_ 000 "oj oj .;: -.., ~oo'" ..:,,::1 ~ " "' .., 
'" 
.;; oj oj oj ~.~ ","0 a Ul rJ) " Q~~ No. jType A I B I AV'Olr. UlP; > 
1 
\ 
9 
I l' I 
1 I A 
I 
6 117.43 \ 17.36 17 .395 34.6' None 13.19 13.32 13. 255 14.3 
2 
i 
8 7 I A 7 13. 84 13.89 13.865 25.2 
None 1 13 . (}7 1 13.18 13 . 125 7.8 3 9 1 I 15 \ A 6 18.55 18.64 18 .595 0 41.4 I I 1 I 16  
I 
6 18.37 I 18.37 () 1 41. 3 
I 1 1 1 121 B 6 18.33 I 18 .33 18.33 
o 41. 7 
1 126 B 6 1 18 . 25 1 18.22 18.235 
g.82 8 . 2 1 None 13.19 13.12 13.155 I 
, These values r epr esen t the cc. N/10 NaOH required to neutralize the firs t 
liter of distillate obtained when a 250 gram sample of milk was distilled 
with steam after the addition of 15 cc. of approximately Nil H 2SO.. See 
Hammer and Bailey (2). 
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to hygroscopic moisture. The results presented indicate that 
when the associated organisms were grown in milk containing 
active acid of the d type, the acid resulting "vas partly or en-
tirely of the inactive type. 
INFLUENCE OF TEMPERATURE ON THE TYPE OF LACTIC ACID 
PRODUCED BY STARTERS 
One of the most important differences between associated or-
ganisms of the A and of the B types is the inability of the former 
to grow at 37°0. The presence or absence of Type B would ac-
cordingly be expected to influence materially the type of lactic 
acid produced by a starter carried at 37°0. In order to try 
out this idea, a number of starters were inoculated into two 
flasks of sterile milk, one being held at 37°0. and the other at 
room temperature. After incubation, the type of lactic acid 
present was determined in the usual way. The results secured 
are given in table VI. 
Starters containing associated organisms of the A type regular-
ly produced significant amounts of inactive acid at room temper-
ature, but at 37°0. they produced very little if any. In the 
few instances when there may have been a small amount of in-
active acid at 37°0. (altho the value slightly greater than 
the theoretical for active acid is probably due to hygroscopic 
moisture), the amount was very definitely less than at room 
temperature. Starters containing associated organisms of the 
B type produced inactive acid at both temperatures, but at 
37°0. the lactic acid was apparently all inactive (the one value 
lJigher than the theoretical is probably due to hygroscopic 
moisture), while at room temperature it was not, altho in two 
of the three trials there were considerable amounts of inactive 
acid. 
Starters containing the B type of associated organism dif-
fered decidedly from those containing only the A type in that 
they produced inactive acid in large amounts at 3TO. The 
data reported in table VI show another important difference; 
when 'l'ype B was present in a starter a higher acidity was pro-
duced at 37°0. than at room temperature, but when Type A was 
present without Type B the higher acidity was produced at 
room temperature. 
MECHANISM OF THE FORMATION OF THE INACTIVE ACID 
In considering the production of inactive acid in starters, 
or in mixtures in milk of S. lactict(,S and the associated organisms, 
the most plausible assumption is that since S. lactict(,S produces 
d acid, the associated organisms must produce l acid. The two 
types of associated organisms will be considered separately III 
dealing with this explanation. 
TABLE VI-TYPE OF LACTIC ACID PRODUCED BY STARTERS IN STERILE MILK AT DIFFERENT TEMPER· 
ATURES 
Inoculating Material 
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13.22 13.20 13.21 
.67 13 .31 1 13.31 1 13.31 
Creamery Starter .................. B .86 17.11 17.14 17.125 
Creamery Starter.................. A 1.03 14.36 14.39 
Commercial Culture............... B 13.81 13.86 
Commercia l Culture after 6 
generations in sterile· mille. .. .. A 4 1.20 13 .36 
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generations in sterile milk . ..... A 5 
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generations in sterile mille . .. . A 
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Type B usually produced considerable amounts of acid in 
milk, the acidities observed varying from .39 to .77 percent, 
calculated as lactic acid, with the most of the cultures not coag-
ulating milk. Type B in general produced less total acidity 
than S. lactiC1ls .and considerably more volatile acidity. Accord-
ingly, if lactic acid were the non-volatile acid, it would be ex-
pected to be present in smaller amounts than with S. lactictts. 
In order to determine whether or not Type B produced lactic 
acid and if so, its rotation, the results presented in table VII 
were secured. These data show that the values for the water of 
crystallization of the zinc salts of the acid produced are such 
that they correspond to the theoretical for zinc lactate where 
there is some active and some inactive acid. The sample showing 
17.76 percent water of crystallization yielded 33.76 percent ZnO 
on a water-free basis, which suggests lactic acid, since the the-
Ol'etical ZnO value for anhydrous zinc lactate is 33.46 percent. 
For the preparations on which rotations were run, the results in-
dicate lactic acid, and since the zinc salts wer d, the free acid'S 
were of the l type. 
The type of lactic acid produced by associated organisms 
of the B type and Bact. aerogenes when the associated organism 
was inoculated before the other organism, is shown in table VIII. 
'rhe culture of Bact. am'ogenes used was isolated from an out-
break of ropy milk and produced lactic acid that was largely in-
active, * as is shown by the values for the percent water of 
crystallization and ZnO given in table VIII. When the associ-
ated organisms were inoculated first and Bact. aerogenes later, 
zinc lactates were obtained whose percent water of crystallization 
indicated essentially an active acid, and since the rotations were 
d, the lactic acid was of the l variety. The surprising thing 
is that there was no evidence of appreciable amounts of inactive 
acid after the growth of Bact. ae1'ogenes, which, judged by the 
develop men t of gas, was very vigorous. 
The data presented show that Type B produced lactic acid 
which varied from largely active to largely inactive, with the 
excess of active acid of the l type. The data also suggest (but 
TABLE VII-TYPE OF LAOTIO AOID PRODUOED IN MILK BY 
ASSOOIATED ORGANISMS OF THE B TyrE 
Organism No. 
113 
117 
118 
Room Temperature Incubation 
R esults on (CH3CHOHCOOhZn 
Age in Days 
8 
8 
10 
Percent H 20 
17.76 
14.58 
13.11 
Specific Rotation 
d 
d 
6.44 
7.65 
• Bact. aerogenes is commonly considered to produce I acid. 
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TABLE VIII-TYPE OF LACTIC ACID PRODUCED IN MILK BY 
BACT. AEROGENES ALONE AND BY ASSOCIATED ORGANISMS 
OF THE B TYPE COMBINED WITH BACT. AEROGENES 
Associated 
Organism 
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A l B 1 Av. :e.g 0: I I ,,~~o ~o ;,c 
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1
18.12 1 18.12 1 \ 33.00 17.86 17.86 33.26 
12.92 12.89 1 12.905 d 7.25 1 
13.19 13.16 13.175 d 5.881 
1 13.11 13.10 1 13.1()5 Id 6.00 1 
cannot be considered to prove) that the d acid can be changed to 
1 acid by the Type B organism, since first, it seems impossible 
that the excess of 1 acid produced by Type B could alone yield 
inactive acid with the d acid produced by S. lactict(,S and second, 
the inoculation of Type B several days before Bact. ael'ogenes 
resulted in practically only active acid of the 1 type, altho 
Bact. ael'ogenes alone gave largely inactive acid. 
Type A produced very little total acidity in milk under or-
dinary conditions and of this, a much larger percentage was 
volatile than was the case with the total acidity produced by 
S. lactictlS. A number of milk cultures of Type A in 750 ce. 
amounts were examine.d by the method used for the preparation 
of zinc lactate, but in all cases the amount of salt obtained was 
too small for even a reasonably careful study. In one instance 
three such preparations were combined in an impure condition 
and, without recrystallizing, the percent water of crystalliza-
tion and ZnO determined. '1'he results obtained suggested lactic 
acid of the inactive type, but the values secured differed con-
siderably from the theoretical. 
The data presented in table V contain evidence of interest 
in connection with the formation of inactive acid. The flasks 
of milk containing S. lactic1('s were heated to kill the inoculated 
crganism at a time when coagUlation had definitely begun 
but was still incomplete, the acidity probably being about .55 
to .65 percent calculated as lactic acid. In series 1 and 3 Type 
A, when inoculated, yielded practically all inactive acid, togeth-
er with a high volatile acidity. The total acidity produced in 
the milk by S. ladieus of which the lactic acid was of the d 
type was much greater in amount than the total acidity which 
Type A was found capable of producing and, moreover, a much 
smaller percentage of the former is volatile than is the case with 
the acid produced by Type A. This analysis of the data sug-
gests that even if the non-volatile acid produced by Type A 
were lactic aeid of the 1 type, which is probably not the case, 
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the amount would be much too small to give inactive acid almost 
entirely when combined with an acidity of from .55 to .65 per-
cent produced by S. lacticu,s. 
The results obtained suggest, but do not prove, that Type A 
has the ability to change d acid to the l form, because it seems 
that the amount and character of the non-volatile acid produced 
by Type A are such that it would not yield inactive lactic acid 
when combined with considerable amounts of d acid produced 
by S. lacticu,s. 
The proof of whether or not the associated Types A and B 
can change d to l acid cannot readily be secured until a medium 
free from citric acid* and carbohydrates, in which the organisms 
grow well, is obtained. Under such conditions lactic acid can 
be added and later r ecovered without including acid developed 
by the associated types from constituents of the medium. 
DISCUSSION OF RESULTS 
The data obtained on the type of lactic acid produced show 
that starters are not practically pure cultures of S. lacticu,s 
and that the associated organisms of both Types A and Bare 
undoubtedly important in producing the lactic acid other than 
the d type formed by S. lacticu,s. 
The results secured suggest, but do not prove, that the asso-
ciated organisms of both types have the ability to change d 
to l lactic acid. If this is found actually to be the case, it 
will r epresent an unusual type of bacterial activity. 
The type of lactic acid produced by starters and by mixtures· 
of S. lacticusand associated organisms in milk, is of interest 
in connection with the results obtained by Suzuki, Hastings, and 
Hart (6) in their study of cheddar cheese. These investigators 
found the usual type of lactic acid in cheddar cheese to be 
inactive, and they secured a mixture of active and inactive 
acids when a bit of cheese was used to inoculate a lactose solu-
tion, but active acid when B . lactis acidi (S . lacticu,s) or a start-
er was used for inoculating. It is difficult to explain the differ-
ence in the results obtained by them when a bit of cheese was 
used for the inoculation of the lactose solution and when starter 
was used, but it seems probable that the associated organisms 
play a part in the formation of the inactive lactic acid in 
cheese. 
CONCLUSIONS 
1. Starters carried under practical conditions contained some 
inactive lactic acid; accordingly they cannot be considered to 
• The associated t ypes produce volatile acid from c itric acid. l a. Exp. 
Sta. R ef>. Bull. 63. 
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represent practically pure cultures of S. Zactictls, since this or-
ganism produces only d acid. 
2. At low acidities starters sometimes contained practically 
only active lactic acid and sometimes some inactive with the 
active. At high acidities there ,vas always some inactive acid. 
3. With mixtures of S. ZactiCtlS and the associated organisms, 
some inactive lactic acid was always present. ,Vith associated 
organisms of the A type the percentage of inactive acid was 
extremely variable, while with Type B it was generally quitr 
high. 
4. With an increased activity of the associated organisms, 
as occurred when they were inoculated some time before S. 
ZactiCtlS, there was a greater amount of inactive acid produced. 
5. vVhen the associated organisms were grown in milk con-
taining some d lactic acid as a result of the activity of S. Zac-
tictlS, the S. Zac:tiCtlS organisms having been killed with heat. 
the acid resulting was partly or entirely of the inactive type. 
6. Starters containing associated organisms of the B type 
differed from those containing only the A type in producing in-
active acid in large amounts at 37°0. and in yielding a higher 
percent acidity at 37°0. than at room temperature. 
7. Type B produced lactic acid, some of which was usually in-
aotive. 
8. An analysis of the data obtained suggests that the associ-
ated organisms of both Types A and B may be able to change 
d lactic acid to the l form, but does not supply proof of this. 
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